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Abstract. I discuss the age and helium abundance of the Galactic bulge stellar pop-
ulation. I present examples as to how age and helium abundance can be degenerate
observationally, and thus, how unstated assumptions of the helium-metallicity relation
can result in biased age-metallicity determinations. I summarise efforts to tackle this
degeneracy using the red giant branch bump, forward modelling of microlensing se-
lection effects, and direct mass and metallicity measurements of stars along the red
giant branch. I make the case that the degeneracy between these two parameters can be
resolved in the near future.
1. Introduction
The Galactic bulge comprises a substantial fraction of the Milky Way’s stellar mass,
as well as the bulk of both the Galaxy’s oldest and most metal-rich stars. The age
distribution of the Galactic bulge is thus a fundamental parameter of Galactic formation
and evolution and needs to be understood before a consistent archeological history of
the Milky Way can emerge. HST colour-magnitude diagrams of the Galactic bulge with
disc contamination removed by means of proper motion criteria show a main-sequence
turnoff that is as dim relative to the horizontal branch as seen toward globular clusters
(Kuijken & Rich 2002), indicating a very old age (t ≥ 10 Gyr). This argument, and
others such as the chemical enrichment patterns of bulge stars, led to a quasi-consensus
in the literature of a purely old Milky Way bulge:
• “the CMD of Baades Window field indicate a uniformly old age for stars in the
Galactic bulge, thus helping to settle the question of the formation of galactic
bulges.” - Renzini (1995)
• “The bulge of our Galaxy formed at the same time and even faster than the inner
Galactic halo.” - Matteucci & Romano (1999)
• “The population with nondisk kinematics (which we conclude to be the bulge)
has an old main-sequence turnoff point, similar to those found in old, metal-rich
bulge globular clusters.” - Kuijken & Rich (2002)
• “the bulge age, which we found to be as large as that of Galactic globular clusters,
or & 10 Gyr. No trace is found for any younger stellar population.” - Zoccali et al.
(2003)
This consensus has recently been undermined by spectroscopic observations of mi-
crolensed stars towards the bulge, which show temperatures for main-sequence-turnoff
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stars that are too high relative to expectations for a purely old stellar population, as
well as surface gravities on the subgiant branch that are too low. Bensby et al. (2013).
Evidence for both a purely old stellar population and a mixed population with stars as
young as ∼3 Gyr abounds from other sources as well, such as the long periods of Galac-
tic bulge Mira variables (Whitelock et al. 1991). The assumption of a purely old bulge
with canonical enrichment trends was also found to be inconsistent with the luminosity
function of the red giant branch (Nataf et al. 2011).
Though the bulge may be worthy of precision characterisation, such a description
remains elusive, and the age distribution is one of the most important mysteries. In this
conference proceeding I make the case that the degeneracy between age and helium
abundance is likely contributing to our misunderstanding, that the helium abundance
may be non-standard for the more metal-rich stars, and I discuss three observational
probes that I argue render this difficult problem tractable.
2. The Red Giant Branch Bump
The red giant branch bump (RGBB) is an excess in the luminosity function of first-
ascent red giant stars that approximately occurs when the hydrogen-burning shell meets
the convective zone (Cassisi & Salaris 1997). The magnitude and normalisation of the
RGBB are steeply sensitive to a stellar population’s metallicity, age, and helium abun-
dance (Cassisi & Salaris 1997; Di Cecco et al. 2010; Nataf et al. 2011).
However, though the Galactic bulge RGBB could in principle be a potent probe, it
had not been measured until recently. The high differential reddening toward the bulge
made it difficult to adequately ascertain this feature of the bulge color-magnitude dia-
gram. Nataf et al. (2011) used deep OGLE-III photometry (Szyman´ski et al. 2011) to
construct clump-centric color-magnitude (CCCMD) diagrams of the bulge, in a manner
that would mitigate the impact of differential reddening. A CCCMD is shown in Fig-
ure 2. This allowed a first measurement of the Galactic bulge RGBB. Nataf et al. (2013)
followed-up with an empirical calibration with metallicity-dependence of RGBB bright-
ness and number counts spanning 72 Galactic globular clusters observed by the Hubble
Space Telescope (HST). This calibration was applied to a measurement of the Galactic
bulge RGBB with a more precise accounting of differential reddening toward a sightline
((l, b) = (0,−2)) with relatively low geometric dispersion. It was shown that the magni-
tude distribution of the RGBB was ∼0.10 mag too bright in the mean, with a normalisa-
tion ∼20% too small, relative to expectations from the globular cluster calibration. The
predicted and observed luminosity functions are shown in Figure 2. Updated YREC
stellar models (van Saders & Pinsonneault 2012) were used to show that both a ∼40%
reduction in age or an increase in the initial helium abundance of ∆Y = +0.06, could
explain the change in the number counts. However, the age variation would brighten
the RGBB by ∼0.30 mag, whereas the helium variation would only brighten it by ∼0.10
magnitudes.
Thus, non-standard helium with an age distribution similar to the globular clusters
is a better match to the observations than either the assumption of standard helium
enrichment with a much younger age for the bulge than that of globular clusters, or the
assumption of both an old age and standard helium enrichment for the bulge.
3Figure 1. Comparison of the observed red giant luminosity function for the Galac-
tic bulge (Top) relative to one simulated with an empirical calibration from 72 Galac-
tic globular clusters (Bottom). The observed RGBB has a smaller normalisation and
doesn’t extend as far to fainter magnitudes.
3. The Selection Function of Microlensed Stars Toward the Galactic Bulge
The microlensed stars observed by Bensby et al. (2013) have measured spectroscopic
parameters that are inconsistent with the assumption of a purely old bulge that can be
studied with standard stellar models. The main-sequence turnoff temperatures are often
too high, and the subgiant surface gravities are often too low, indicative of a stellar
population with ∼20% of its stars younger than ∼5 Gyr and ∼30% younger than 7 Gyr.
This result is at odds with the prior observational and theoretical consensus, and
it is thus important to investigate which factors other than age, if any, could contribute
to this discrepancy. Nataf & Gould (2012) suggested enhanced helium enrichment as
a possible cause. They used Dartmouth stellar models (Dotter et al. 2008) to show
that the application of standard isochrones to determine the spectroscopic ages of a
helium-enhanced population would lead to systematically underestimated ages. The
bias is expected to be highest on the subgiant branch as well as for lower-mass main-
sequence stars that have not yet evolve to the turnoff, and lowest near the main-sequence
turnoff. This is observed for the subset of Bensby et al. (2013) with [Fe/H] ≥ 0.0, but
the number counts are simply too small to state that the variation in the age offset
is statistically significant. Nataf & Gould (2012) found a ∼ 2σ preference for ∆Y =
+0.098.
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Figure 2. The CCCMD toward a bulge sightline from OGLE-III photometry. Re-
gions of the CMD with the greatest density of stars are shown in magenta.
Given the potential diagnostic power of the microlensing sample, it is important to
understand the selection function, such as any possible bias toward younger stars or the
rate of disc contamination. Collaborators and I have been working to construct various
bulge synthetic populations to investigate how the observed distribution of microlensed
stars could differ from the intrinsic distributions. We first used the Besancon Galaxy
model (Robin et al. 2003) and found that the predicted rate of disc contamination is
∼8%. These disc stars are not expected to contribute young, metal-rich stars, but rather
old stars with [Fe/H] ≈ −0.50, as they are in fact thick disc stars at the other end of
the Galaxy, with a typical distance of ∼600 pc separating them from the Galactic plane.
There is a (small) bias due to disc contamination, but it has the exact opposite effect
necessary to reconcile the discrepancy between photometric and spectroscopic turnoff
ages.
We also tested for an synthetic population constructed with an arbitrarily elevated
fraction of young stars using the Dartmouth stellar database (Dotter et al. 2008). We
found that there was indeed a bias toward younger stars, but it is not nearly large enough
to reconcile the microlensing sample with canonical expectations. The fraction of stars
younger than t= 5 Gyr does increase, by a factor of ∼40%. This would imply that
the 23% young star fraction measured by Bensby et al. (2013) is really indicative of a
∼16% young star fraction, which is still an order-of-magnitude higher than canonical
predictions of no more than a trace population younger than ∼10 Gyr.
We are currently moving forward with more rigorous testing, where we use the
Han & Gould (2003) Galactic dynamics model, the chemical evolution model of Grieco et al.
(2012), and the Dartmouth stellar isochrone database of Dotter et al. (2008) to account
for the bulk of the selection effects. The blue straggler population, which appears
younger than it really is, will be normalised using the investigation of Clarkson et al.
5Figure 3. The effect of selection effects on the age distribution of microlensed
dwarf stars toward the Galactic bulge. In this simulation, the fraction of stars younger
than 5 Gyr is increased from 15.6% to 22.3%.
(2011). If selection effects and blue straggler contamination are ruled out as explana-
tions, the two remaining explanations will be a failure of stellar evolution models as
diagnostics of the bulge stellar population, or recognition that the bulge indeed has a
substantial young population.
4. Detached Red Giant Eclipsing Binaries
Age and helium abundance are degenerate virtually everywhere on the colour-magnitude
diagram. Further, both are often degenerate with other factors such as the quantity of
reddening, the reddening curve, the distance, the metallicity distribution function, and
the binary fraction, which makes them extremely difficult to disentangle. Given this
difficulty, any additional independent observational probe has great potential to be of
use, and one such probe is the mass-metallicity relation of stars in the red giant phase.
Nataf et al. (2012) analysed a sample of ∼10,000 eclipsing binaries with parame-
ters determined by Devor (2005). They found ∼300 systems that might be detached red
giant eclipsing binary twins. For these systems, with median periods of ∼6 days and
thus typical radial velocity amplitudes of ∼100 km/s, the masses and metallicities could
be measured in a relatively straightforward way.
To gauge how the masses and metallicities could be interpreted, Nataf et al. (2012)
used an updated version of the Yale Rotating Evolution Code (van Saders & Pinsonneault
2012) to make the follow prediction for masses of stars near the base of the red giant
branch:
log
( M
M⊙
)
= 0.026 + 0.126[M/H] − 0.276 log
( t
10 Gyr
)
−0.937(Y − 0.27), (1)
where [M/H] is the metallicity, t is the age, and Y is the initial helium abundance. As
with other methods, there are degenracies, but these are not the same degeneracies. The
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metallicity can in principle be factored out. Further, as a lower mass at fixed metallicity
implies either a higher helium abundance or an older age. This degeneracy has the
opposite sign to that of spectroscopic investigations of the main-sequence turnoff and
subgiant branch, where higher helium abundance resembles a younger age.
The sensitivity is also quite large: An increase in the initial helium abundance of a
single percentage point at fixed age and metallicity leads to a 2% reduction in the mass.
In contrast, masses for red giant eclipsing binary twins can be determined to better than
1% (Graczyk et al. 2012), and the actual helium offset relative to standard isochrones
might be substantially larger than a single percentage point, particularly at the highest
metallicities. The prospect for a very tight constraint is there. Further, the sample of
candidates should increase by a factor of ∼10 once OGLE-III time series photometry
becomes available, as the spatial coverage is ∼10 higher than in OGLE-II, with greater
sampling and more precise photometry as well.
A proposal was submitted to follow-up some of these targets on the Omega multi-
object spectrograph, which resulted in ∼50 hours of observations. We focused on a
single field with ∼ 80 candidates centred on (α, δ) = (18 : 02 : 39.20,−28 : 55 : 10.26),
corresponding to (l, b) = (1.90,−3.21).
Data reduction and analysis is now in a preliminary stage. Careful consideration
will need to be given to issues of how to deal with the binary partners, and how many of
them are red giant twins, subgiant stars, or turnoff stars. I show a sample of 12 eclipsing
binaries with mean densities and colours consistent with a red giant morphology in
Figure 4. In Figure 5, I show the partially-reduced spectra of a candidate red giant in
an eclipsing binary, which appears to show a double-lined calcium triplet.
5. Conclusions
A precise accounting of both the mean age of the Galactic bulge and its mapping
onto the metallicity distribution function has thus far remained elusive, as different
methodologies have yielded different conclusions. The brightness and number counts
of the Galactic bulge RGBB (Nataf et al. 2011, 2013) and the microlensing sample of
Bensby et al. (2013) are both inconsistent with the prior consensus that the bulge is a
purely old population (stated assumption) that can be analysed with stellar models that
assume standard helium-enrichment (unstated assumption). At this time, the brightness
and number counts of the RGBB suggest ∆Y = +0.06 in the mean (Nataf et al. 2013),
and the turnoff age discrepancy can be completely eliminated by having ∆Y ≈ +0.11
at [Fe/H]≈0.30. (Nataf & Gould 2012). However, both these estimates are limiting
values, computed under the assumption of no age spread.
The degeneracy between the age and helium-enrichment of any stellar popula-
tion, let alone one such as the bulge with an uncertain distance distribution, reddening
distribution, binary distribution, and metallicity distribution, is extremely difficult to
disentangle. It is my hope that a more precise quantisation of the selection effects in the
microlensing sample, and a mapping of the mass-metallicity relation of Galactic bulge
red giant stars, will help elucidate this issue.
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7Figure 4. A sample of eclipsing binary lightcurves that have been followed-up
with AAT time-series spectroscopy.
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